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THE EFFECT OF BORAX ON THE YIELD, QUALITY, AND

CHEMICAL COMPOSITION OF CANNING BEETS.

INTRODUCTION

The progressive development in knowledge of the re-

lation of boron to growing plants has been promoted by

the studies of many investigators. The principal contri-

butions to the present knowledge of this subject have

been made since the beginning of the present century.

Through careful eXperiments it has been shown that an

adequate supply of available boron is essential for nor-

mal growth of many species of plants. When the supply of

boron available to a plant is inadequate, there occur

physiological disturbances which, in turn, are usually

reflected in the appearance of the plant. When symptoms

of boron starvation were recognized in the appearance and

yield of economic plants growing on certain soils, a new

problem appeared within the realm of the soil scientist.
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REVIEW OF LITERATURE

The Role of Boron in Plants

The status of boron as an essential plant nutrient

has been established by the studies of Warington (5, 21,

22), Brenchley (2,5), Dennis (6,8), Dennis and O'Brien

(7), and others.

The exact role played by this element in the life

and growth of plants is apparently unknown. However,

many fragmentary bits of evidence regarding the effects

of faulty boron nutrition have come from workers who have

studied the problem.

White—Stevens (25), in an attempt to correlate and

unify the important discoveries and observations of oth-

ers, has presented an excellent summary of the relation

of improper boron nutrition to external plant symptoms

and to internal physiology:

(a) Relation to external symptoms.

(1) Inadequate boron nutrition inhibits meri—

stematic activity and often causes death and

decay of the apical meristem, lateral buds,

cambium layers, and root tip.

(2) The functional activity of the vascular tis-

sue is impaired as the phloem becomes dis-

organized and hypertrophied.
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(3) Foliage degeneration, due to disorganized

meristematic activity, appears first in the

younger leaves. Older leaves may later show

necrosis, excess anthocyanin formation, and a

distinct turgidity and leatherness which re-

sults in brittleness.

(4) The roots, on account of death of the tips,

branch excessively and cease active growth.

Storage roots and tubers fail to enlarge nor-

mally but develOp center rot or surface le-

sions which become infected with secondary

organisms.

(5) Fruits and fruiting tissues follow a similar

degeneration, cessation of growth, internal

and peripheral decay.

(b) Relation to internal physiology.

The disturbances in a particular part of a

plant cannot be ascribed solely to lack of boron

in the affected region. There is evidence of

fairly even distribution of boron throughout the

plant. When the supply entering a plant is lim-

ited, the boron of old leaves is not translocat-

ed to the growing tips.

The available evidence seems to indicate that

a disruption in the food-conducting cells of the

vascular tissue is the initial physiological

disorder.
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This disruption of phloem activities causes

interruptions both in the movement of nutrients

from the soil to the upper plant parts, and in

carbohydrate transfer from the regions of syn-

thesis.

Canning Beet Studies

Commercial canners have for several years been trou—

bled by a condition in beets, known in various localities

as canker, girdle, internal or physiological breakdown,

and internal black spot. Due to its presence, canning

operations have been retarded and canners have not only

been obliged to use additional inspectors, but they have

also faced the hazard of defective beets escaping detec-

tion and appearing in the final pack. Losses to growers

are of two forms: dockage losses and low acre yields.

In 1937, Raleigh and Raymond (15) issued a prelimi-

nary report on their attempt to control internal break-

down of table beets by the use of boron. A greenhouse

experiment was conducted, using a soil from a field in

which the beets were affected the previous year. Boron,

applied as borax, greatly reduced both the severity of

the disorder and the percentage of beets affected, while

the salts of several other secondary fertilizer compo-

nents had no great effect. In a field experiment, an ap-

plication of 5 pounds of borax in a trench at the side of

the row gave nearly complete control.
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A report (ll) from the New York EXperiment Station

(Geneva) states that in greenhouse tests physiological

breakdown was greatly reduced by an application of 12

pounds of borax or 12 tons of manure per acre.

Walker and coworkers (20) of Wisconsin have de-

scribed internal black spot and the characteristic fea-

tures which accompany it. They found no parasitic fun-

gus or bacterium in the internal black spot tissue. In

field eXperiments, borax and other salts were applied,

both broadcast and in bands on each side of the row. The

borax treatments reduced both the percentage of affected

3

beets and the severity of the blackening, and resulted inI

small increases in yield. An application of 40 pounds of

borax per acre was recommended.

Other papers by Walker (17, 18, 19), based on later

studies, report greater yield increases and an improve-

ment in stand resulting from borax applications.

Powers and Bouquet (13) have cited the incidence of

canker in Oregon. In greenhouse and field eXperiments

the condition was virtually eliminated by applications of

either boric acid or borax. Other substances failed to

control the canker.

White-Stevens found the sugar content of roots of

normal red beets higher than that of beets receiving an

inadequate supply of boron. The leaves of normal beets

contained less sugar than those of the affected beets.
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Raleigh and coworkers (14) have reported the results

of a continuation of earlier studies. Control of inter-

nal breakdown by the use of borax was more satisfactory

on low-yielding fields than on high-yielding ones. An

application of 500 pounds of sulfur per acre had no no-

ticeable effect on the breakdown. In studies of affected

beets, the first appearance of the breakdown of the root

was found in the meristematic parenchyma tissue adjacent

to the xylem.

Cook and Millar (5) have reported greenhouse and

field experiments with borax for canning beets. In a

greenhouse experiment, symptoms of boron starvation were

completely eliminated and yields were greatly increased

by applying borax at the rate of 10 pounds per acre. In

field experiments on three different farms in 1959, borax,

drilled deeply before planting, decreased the percentage

of abnormal beets, but there was no effect on the yield.

The quantity of borax required to reduce significantly

the percentage of abnormal beets varied from 10 pounds to

50 pounds per acre on the different fields. This varia-

tion was ascribed to differences in soil texture and or-

ganic matter content.

In field eXperiments conducted by Cook (4) during

the season of 1940, black spot was more serious in beets

which had received 250 pounds of 2-12-6 fertilizer. It

is believed that this was due to the inadequacy of the
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available boron supply for the increased yield of beets.

The addition of borax to the fertilizer and its applica-

tion, either broadcast or in the row, resulted in a high-

er percentage of sound beets. In no case, however, did a

great increase in yield result from a borax application.

Broadcast applications up to 80 pounds per acre did not

depress the yield, but on certain soils row applications

of 50 pounds per acre greatly reduced the yield.

EXPERIMENTAL

Field Procedure
 

Canning beets were included in a field experiment,

conducted in 1940, to determine the effect of borax on a

number of field and garden crops.

The eXperiment was located on an area of Thomas

sandy loam on which signs of severe boron starvation were

observed in sugar beets in 1959. The soil in this field

contains free carbonates in the plowed layer and the or-

ganic matter content ranges from 14 to 18 per cent. At a

depth of 12 inches, there is a 10-inch sandy layer over-

lying heavy clay.

Borax was applied in a basic fertilizer mixture at

rates of 0, IO, 20, 40, and 80 pounds per acre. The

basic mixture included the following materials at the

rates per acre indicated: 5-12-12, 500 pounds; NaI,

0.5 pounds; ZnSO4, 4 pounds; MgSO4, 25 pounds; MnSO4,
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25 pounds; FeSO4, 2 pounds; NaCl, 10 pounds; and CuSO4,

5 pounds. One treatment included only the 5-12-12 fer-

tilizer. All treatments were replicated five times and

were arranged in randomized blocks. The fertilizers were

drilled and worked into the soil immediately before plant-

ing. The beets were planted May 8 and were harvested

October 18.

Methods 2: Analysis

Plant tissue dried at 65° C and ground to pass a

l-mm. sieve was used in the analyses reported in this pa-

per.

Boron was determined by the quinalizarin method of

Berger and Truog (1).

Total nitrogen was determined by a modified Gunning

method.

Iron was determined by titrating the ferric ion with

standard titanium chloride.

Ash was determined by ignition in a muffle furnace

to a light gray ash.

Sucrose was measured in the juice of the beets by

means of a saccharimeterfi

*The writer acknowledges the courtesy of J. G. Lill

in making the sucrose determinations.
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Results

The data which appear in Table l are the results of

the field experiment and of the chemical analyses includ-

ed in this study.

Yield

The application of borax in this eXperiment resulted

in highly significant increases in the yield of beets.

The yield with the application of 80 pounds of borax was

91 per cent greater than the average yield of the two

treatments without borax.

Since the greater rates of borax application caused

no decrease in yield, it may reasonably be concluded that

the application of borax at rates up to 80 pounds per a-

cre was not injurious to canning beets on this soil. In

fact, it seems possible that a greater increase in yield

might have resulted from a still heavier application of

borax.

Symptoms of Boron Starvation

It became apparent as the season progressed that the

beets in the areas not treated with borax were not re~

ceiving adequate boron.

One indication was the more intense red coloration

of the leaves of these plants. This condition was not

easily detected from observations of single plants, but

there was a noticeable difference in redness when beets

in borax-treated areas were compared from a distance with
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those in areas not treated with borax.

Certain other leaf symptoms also gave evidence of

boron starvation. One of these symptoms was the stimu-

lated initiation of leaves at the center of the crown.

These leaves failed to attain normal size and shape, and

were dwarfed, twisted, and non-symetrical. The upper

surfaces of the petioles were frequently cracked and

cross-checked. These symptoms are apparent in Figure l,

which shows a plant in pot culture.

r
"

  
Figure 1. This plant, growing in pot culture,

shows twisted, non—symetrical leaves with cross—

checked petioles, which are symptoms of boron star-

vation.
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At the time of harvest, marked differences were

found in the quality of the beets. Cankers were common

on the roots of those which had not received adequate bo-

ron. In extreme cases, cankers, at or slightly below the

soil line, had completely encircled the roots, and a gir-

dled condition had resulted. The beets shown in Figure 2

are not completely girdled, but external cankers are

plainly visible.

 

Figure 2. These beets are not completely gir-

dled, but external cankers are plainly visible.
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When the girdled roots were sliced horizontally, the

dark necrotic areas were found principally confined to an

irregular but usually quite narrow zone near the periph-

ery. The affected zones are prominent in the sliced

beets on the right in Figure 5. Isolated necrotic areas

sometimes occurred in the internal regions, but such in-

stances were uncommon.

 

Figure 5. Girdled roots show dark, necrotic

areas, which are usually confined to a narrow

zone near the periphery.

The percentage of beets showing partial or complete

girdling was determined for each treatment. As shown in

Table l, girdling affected an average of nearly 57 per

cent of the beets in the areas which had not received bo-

rax. The percentage of affected beets in the areas which
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had received 10 pounds of borax per acre was not signifi-

cantly lower than that of the beets in the areas not

treated with borax. The percentage was significantly re-

duced in areas which had received 20, 40, and 80 pounds

of borax per acre. Girdling was not completely eliminat-

ed, although it was not found in two replicates of the

80-pound borax treatment.

Chemical Composition

Sucrose. The sucrose content of beets from the bo-

 

rax-treated areas was higher than that of the beets from

areas not treated with borax. Although there was a dif-

ference in this respect for all rates of borax applica—

tion, only those differences from the 20 and 80-pound

rates were great enough to be significant. The 20-pound

rate of application was most effective in increasing the

sucrose content of the beets.

Purity. The coefficient of apparent purity is a

figure expressing the ratio between the amount of sucrose

in solution in the juice and the total soluble substances

in the juice. The effect of borax on the purity of the

beets was similar to its effect on the sucrose content.

Since purity expresses a proportion, it is obvious that

its value will change when either of its components

changes. The data were examined to determine whether the

increase in purity was partly due to a decrease in the
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total soluble substances in the juice. These substances,

other than sucrose, probably are mainly nitrogenous com—

pounds. It was found that the total amount of soluble

substances remained nearly constant. Therefore, the in-

crease in purity which resulted from borax applications

was due entirely to a corresponding increase in sucrose

content.

Nitrogen. The average nitrogen content of the beet

tops from areas without borax was slightly higher than

that of tops from borax-treated areas. This difference,

however, is not large enoufih to be significant. The ni-

trogen content of the roots shows a greater decrease as a

result of borax applications. The amount of this de-

crease is reasonably consistent with the amount of borax

applied. Several of the differences in nitrOgen content

of the roots are highly significant.

Boron. The sample of beet tops from one of the con-

trol replicates contained 21 p.p.m. of boron. This

caused the mean boron content for this treatment to be

unreasonably high. The increase in boron content of the

tops clearly reflects the borax treatments. Although

there is no difference in this respect between the 20 and

40-pound rates, the other differences are consistent with

the rates of application. The boron content of the roots

did not differ significantly, but roots from areas which

had received borax at the maximum rate had the highest
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boron content.

Iron. No significant differences occurred in the
‘1

 

iron content of the beet tOps. Borax treatments did,

however, result in lower iron contents of the roots. The

greater rates of application did not further decrease the

iron content.

Ash. The mean ash content of the samples of beet
 

teps from the areas receiving 20 pounds of borax per acre

was 18.39 per cent. This value, according to the differ-

ence required for significance, might appear to be sig-

nificantly lower than those of certain other treatments.

However, the low "F" value indicates that this difference

cannot be regarded as significant. Borax treatments sig-

nificantly reduced the ash content of the roots. The

differences are highly significant for the treatments

with and without borax, but further decreases in ash con—

tent did not result from greater rates of borax applica-

tion.
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DISCUSSION

The root symptoms observed in this eXperiment appar-

ently were identical with those described by Raleigh and

Raymond, and Powers and Bouquet. As previously stated,

the affected areas were generally confined to a narrow

zone near the periphery of the root, and the presence of

surface cankers gave rise to a girdled condition. In

contrast, the symptom described by Walker and coworkers

was predominantly an internal blackening of the root.

The latter type of symptom has also been reported by Cook

and Nillar.

There is no apparent explanation for the occurrence

of the two fairly distinct types of symptoms. It has

been proven conclusively, however, that both indicate an

inadequate supply of available soil boron. Furthermore,

the results of this experiment, together with the credi-

ble evidence contributed by previous investigators, show

that these symptoms can be virtually eliminated by the ap-

plication of borax. It is clear that the amount of borax

necessary to reduce the disorder to a minimum varies with

the particular soil under treatment. Due to the injuri-

ous effects of an excessive amount of borax, it is obvi-

ously essential to limit the rate of application.

The results of other field experiments have shown

occasional instances of moderate increases in the yield
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of beets from borax applications. The order of the in-

crease obtained in this eXperiment, however, indicates

that borax applications to certain soils may result in a

great improvement in the yield of beets.

High sucrose content is probably an important factor

in the palatability of canning beets. It is evident from

the data that the roots of beets receiving inadequate bo-

ron contain less sucrose than those of normal beets. A-

nalyses reported by White-Stevens have shown this to be

true.

White-Stevens also reported that in the case of

an inadequate supply of available boron the leaves of

beets contain more than the normal amount of sugar. Al-

though the sugar content of the leaves was not determined

in this study, it seems possible that the greater red

coloration observed in the leaves of plants in areas not

treated with borax may be an indication that these leaves

contained a relatively large amount of sugar. The red

pigmentation of beet leaves is due to the presence of an-

thooyanin pigments. Many workers (12,16), in studies of

other plants, have found that the amount of anthooyanin

epends primarily upon the amount of sugar present. Thus

it appears that an accumulation of sugar in the beet

leaves was probably the principal factor in the formation

of excess anthooyanin. Furthermore, the presence of ex-

cess sugar in the leaves may be eXplained as due to a
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disruption in the process by which sugar is normally

transferred to the root for storage. Haas and Klotz (10)

found that boron starvation in Citrus causes an impair-

ment of the functional activity of the vascular tissue,

which results in an accumulation of sugars in the leaves.

The abnormally high nitrogen content found in the

roots of beets receiving inadequate boron is in agreement

with data reported by several investigators. The reports

show many instances of unusually high nitrogen contents

of both leaves and roots of such plants. Two suggestions

have been offered as possible explanations. The high ni-

trogen content may be due either to retarded plant growth,

or to the inadequacy of the boron supply, which, accord-

ing to this theory, normally functions to regulate the

intake of nitrogen.

It is evident from the data that the boron content

of plants showing symptoms attributed to boron starvation

is less than that of normal plants. It is important to

note in this connection that, as the incidence of symp-

toms was reduced by borax treatments, the boron content

of the leaves increased markedly, but the content of this

element in the roots did not increase significantly.

This seems to prove that the defects which occur in the

roots are not caused simply by lack of boron in the af-

fected tissue.
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The abnormally high iron and total ash contents of

3pl~nts receiving inadequate boron has been reported byF
several investigators. As in the case of the high ni—

trogen comtent, these may be due either to retarded plant

growth or to the effect of boron on the intake of iron

and other ash elements.

SLTTH‘UV: ARY

Canning beets were grown on an area of Thomas sandy

loam in which sugar beets the previous year had shown

symptoms of boron starvation. One treatment included on-

ly an application of 5-12-12 fertilizer. Another treat-

ment consisted of an application of 5-12-12 fertilizer,

together with a mixture of secondary fertilizer compo-

nents other than boron. Other treatments included the

5-12-12 fertilizer and a mixture of secondary fertilizer

components with borax supplied at the rates of 10, 20, 40,

and 80 pounds per acre.

It was found that beets growing in the areas not re-

ceiving borax showed root symptoms of boron starvation

which differed from the characteristic internal black

spots described by other workers. The root symptom ob-

served in this experiment was predominantly a girdled

condition of the surface due to the presence of relative-

ly shallow cankers.
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These symptoms were virtually eliminated by tne ap-

plication of borax at the rate of 80 pounds per acre.

Further improvements in the quality of the roots resulted

from increased purity and sucrose content of the beets.

Borax treatments resulted in a marked improvement in

the yield of beets.

As the result of borax applications, the boron con-

tent of the leaves increased very significantly, but the

boron content of the roots did not increase significantly.

Boron starvation was accompanied by unusually high

nitrsgen, iron, and total ash contents of the root tis-

SL1 (
D



.
B
o
r
a
x
-
(
p
o
u
n
d
s

_
I
h
e
e
f
f
e
c
t

o
f

b
o
r
a
x
o
n

t
h
e

y
i
e
l
d
,

q
u
a
l
i

y
,

 

.
‘
_
—

 t
o
o
f

r
a
c
r
e
)
'

i
e
l
d

f
t
o
n
s
)

G
i
r
fi
l
i
n
g

r
—
—
—
=
E
—

a
n
d

c
h
e
m
i
c
a
l

c
o
m
p
o
s
i
t
i
o
n

o
f

c
a
n
n
i
n
g

b
e
e
t
s
.

 

 

 

 

 

 

 

%
S
u
c
r
o
s
e

P
u
r
i
t
y

C
h
e
n
i
g
z
l
c
o
m
p
o
s
i
t
i
o
n
2
 

r
'
T
S
E
E
"

f
;
_
fi
i
t
r
o

a
n

“
$
3
3
?

B
o
r
o
n

-
p
.
p
.
n
.

F
e

 

 
 

_
‘
E
F
T
E
E
T
'
"
 

"
'
T
o
p
s

R
o
o
t
s

0
P
8

;
T
6
p
s

R
o
o
t
s
 

0
7
.
5
4

5
6
.
7

5
.
2
1

4
5
.
4

5
.
9
7

5
.
1
9

1
5
.
2

1
1
.
0

.
4
5
0
1

1
9
.
4
1

1
7
.
1
0
 

0
6
.
7
4

5
7
.
2

5
.
2
1

4
5
.
9

5
.
8
6

5
.
2
8

8
.
6

1
1
.
4

.
5
9
5
4

1
9
.
8
8

1
6
.
1
7
 

1
0

1
1
.
1
4

4
6
.
5

5
.
5
2

4
7
.
4

5
.
7
7

2
.
7
4

1
6
.
0

1
1
.
8

D
4
5
4
9

1
9
.
0
2

1
4
.
9
0
 

1
0
.
7
4

1
5
.
7

4
.
2
8

5
5
.
1

5
.
7
8

2
.
6
0

2
0
.
8

1
1
.
4

.
4
1
0
4

1
8
.
5
9

1
5
.
0
7
 

1
1
.
5
8

1
0
.
5

5
.
5
5

4
7
.
7

5
.
8
6

2
.
6
1

2
0
.
2

1
2
.
0

.
4
5
5
8

1
9
.
6
2

1
4
.
4
0
 

 
1
5
.
6
8

5
.
7
5

4
.
5

5
5
.
5
*
*

4
.
0
8

2
.
8
4
*

5
2
.
6

6
.
0
9
*
*

5
.
7
9

.
6
8

2
.
5
5

2
6
.
5
*
*

2
6
.
6

5
1
.
2
7

 15.
2

.
6
0

.
4
4
8
6

.
7
0

1
.
2
1

 

8
.
9
2
*
*

 

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1

2
.
7
1
 

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0

4
.
1
0
 

r
e
d

 
 

 
1
2
.
5

 .
7
5

 5
.
1
7

.
2
7  

.
2
1  

 5
.
5
6

 2
.
9
5

 .
0
9
0

 
 1

.
4
7

 1.88
 

r
n

e
x
c
e
p
t

f
o
r

b
o
r
a
x
,

Z
n
S
O

,
4

1
1
1
8
.
;

b
o
r
o
n
,

i
r
o
n
,

f
r
o
m

t
h
e

a
r
e
a
s

i
n
t
.

i
n
t
.

0

a
n
d
a
s
h

c
o
n
t
e
n
t
s
w
e
r
e

d
e
t
e

n
o
t

r
e
c
e
i
v
i
n
g

t
n
e
n
t

i
n
c
l
u
d
e
d

o
n
l
y
a
n
a
p
p
l
i
c
a
t
i
o
n

o
f

5
0
0

p
o
u
n
d
s

l
g
S
O
4
,

2
5

l
b
s
.
;

l
n
8
0
4
,

w
e
r
e

r
e
p
l

c
a
t
e
d

f
i
v
e

t
i
n

s

o
f

5
-
1
2
-
1
2

f
e
r
t
i
l
i
2
0
1
'
o

r
a
i
n
e
d

o
n

t
i
s
s
u
e

d
r
i
e
d

a
t
6
5
°

c

b
o
r
a
x
,

a
n

a
t
t
e
m
p
t

w
a
s

m
a
d
e

t
o

s
e
l
e
c
t

b
e
e
t
s

s
h
o
w
i
n
g

g
i
r
d
l
i
n
g
.

T
h
e
m
a
t
e
r
i
a
l
s

a
p
p
l
i
e
d

i
n

a
n
d

i
n
c
l
u
d
e
d

t
h
e

f
o
l
l
o
w
i
n
g

m
a
t
e
r
i
a
l
s

a
t

t
h
e

r
a
t
e
s

p
e
r

a
c
r
e

i
n
d
i
c
a
t
e
d
:

2
5

l
b
s
.
;

F
e
S
O
4
,

2
l
b
s
.
;

N
a
C
l
,

1
0

l
b
s
.
;

a
l
l
o
t
h
e
r

t
r
e
a
t
-

5
-
1
2
-
1
2
,

5
0
0

1
5
8
,
;

a
n
d

G
u
S
O
4
,

5
l
b
s
.

A
l
l

I
n

t
a
k
i
n
g

t
h
e

s
a
m
p
l
e
s

f
o
r

t
h
e
s
e

f
o
u
r



0
1

10.

11.

LITERATURE CITED

Berger, K. C. and Truog, E. Boron determination in

soils and plants. Ind. and Eng. Chem. 11:540-

545. 1959.

Brenchley, W. E. The essential nature of certain mi-

nor elements for plant nutrition. Bot. Rev. 2:

175-196. 1956.

and Warington, K. The role of boron

in the growth of plants. Ann. Bot. 41:167-187.

1927.

 

Cook. R. L. Unpublished data.

and Millar, C. E. Canning beets need be-

ron. Mich. Agr. Exp. Sta. Quart. Bul. 22:272-

278. 1940.

 

Dennis, R. W. G. A review of the develepments in the

applications of boron in agriculture and horti~

culture. Fert., Feed. Stuffs, and Farm Sup.

Jour. Sept.-Oct. 1957.

and O'Brien, D. J. Boron in agri-

culture. West. Scot. Agr. Col. Res. Bul. 5.

1957.

 

Dennis, A. C. and Dennis, R. W. G. Boron in plant

life. Part III. DeveIOpments in agriculture

and horticulture. Fert., Feed. Stuffs, and Farm

Sup. Jour. Feb.-Apr. 1959.

Ferguson, W. and Wright, L. E. Micro—element studies

with special reference to the element boron.

Sci. Agr. 20:470—487. 1940.

Haas, A. R. C. and Klotz, L. J. Some anatomical and

physiological chances in Citrus produced by bo—

ron deficiency. Hilaardia 5:175-196. 1951.

New York State Agricultural EXperiment Station (Gen-

eva). Borax for physiological breakdown of

beets. Ann. Rep. 57:55. 1959.

Noack, K. Physiological investigations of flavonals

and anthooyans. Z. Botanik 14:1-14. 1922.

Abs. Jour. Soc. Chem. Ind. 42:445A. 1925.



15. Powers, W. L. and Bouquet, A. G. B. Use of boron in

controlling canker of table beets. Ore. Sta.

Agr. Col. Cir. of Inf. 195. 1959.

14. Raleigh. G. J., Lorenz, 0. A., and Sayre, C. B.

Studies on the control of internal breakdown of

table beets by the use of boron. Am. Soc. for

Hort. Sci. Proc. 57:791-792. 1940.

15. and Raymond, C. B. A preliminary

note on the control of internal breakdown in

table beets by the use of boron. Am. Soc. for

Hort. Sci. Proc. 55:526-529. 1958.

16. Roberts, H. F. The causes of autumn coloration.

Sci. Mo. 45:425-455. 1957.

17. Walker, J. C. Use of boron to control internal

black spot of beets. The Canning Trade. 61:16.

1959.

18. Internal black spot of garden beet.

Phytopath. 29:120-128. 1959.

 

19. Borax prevents disease of garden

beets, sugar beets, and cabbage. Wis. Agr.

EXp. Sta. Ann. Rep. Pt. II. pp. 21-26. 1959.

20. , Jolivette, J. P., and McLean, J. G.

Internal black spot of canning beets and its

control. Canning Age. Dec. 1958.

21. Warington, K. The effect of boric acid and borax

on the broad bean and certain other plants.

Anne BOt. 57:629—672. 1923.

(
\
3

(
0

Studies in the absorption of calcium

from nutrient solutions with special reference

to the presence or absence of boron. Ann. Bot.

48:745-776. 1954.

 

25. White—Stevens, R. H. Carbohydrate metabolism in re—

lation to boron nutrition. Am. See. for Hort.

Sci. Proc. 56:557-545. 1959.





 

 

 



 

 



3 1293 0305

 

M
"

R
“
1

B
“
3

H
2

”
0

HI
I
I
I
I
I
I

“

E
m

m

S
"

N
”

A
m

m
"

w


